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a b s t r a c t
Neospora caninum is a protozoan which can cause abortions in caprines. However, informa-
tion regarding the humoral immune response and the occurrence of reproductive disorders
is scarce. This is theﬁrst study inwhich thekineticsof antibodies is studied inpregnantgoats
naturally infected by N. caninum, as well as their respective conceptuses. The subclasses of
IgG (IgG1 and IgG2) were also evaluated in pregnant goats. Reproductive problems related
to neosporosis (abortion and stillbirth) occurred in 15.38% of the goats. Therewas a statisti-
cally signiﬁcant association between the increased titres of maternal IgG in the second half
of the gestational period with the occurrence of endogenous transplacental transmission.
The rate of congenital transmission was 77%. During the gestational period of the seroposi-
tive goats, there was mainly a predominance of the subclass IgG2, although mixed patterns
of IgG2–IgG1 and the IgG1 pattern were also observed. These results indicate that N. can-
inum is responsible for the occurrence of important alterations in the humoral immune
response of naturally infected goats, and is also a potential causative agent for reproductive
disorders in goats. The high proportion of infected conceptuses reinforces the suggestion
that congenital infection is one of the main routes of parasite transmission in goats.. Introduction
Neospora caninum is an obligate intracellular protozoan
nd is considered one of the main agents responsible for
bortions in bovines in various regions of theworld (Dubey
t al., 2007). However, the epidemiological, clinical and
conomic importance of infection by N. caninum in small
uminants has not been properly established (Dubey and
chares, 2011).
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Trees and Williams (2005) used the term endogenous
transplacental infection (TPI) to refer to the reactivation of
infection during pregnancy by an agent which has estab-
lished a chronic infection in the animal before pregnancy,
and vertical transmission was used to refer to infection
through successive generations. In bovines, TPI is one of
the main routes of neosporosis infection, and studies have
demonstrated high rates of congenitally infected calves,
which can be born healthy and transmit the parasite to the
next generation (Paré et al., 1996; Schares et al., 1998).
In goats and others ruminants, there is no prenatal
transfer of immunoglobulin across placenta. Consequently,
parasite-speciﬁc antibodies that are detectable in pre-
colostral sera have most likely been prenatally synthesised
by the foetus, indicating an active immune response
against the invading parasite (Staubli et al., 2006). After
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birth, the goats acquire passive immunity by ingestion of
immunoglobulin-rich colostrums from its dam. According
to Pearson and Brandon (1976), the half-life of passively
acquired immunoglobulins in small ruminants is 25 days
for IgG, 6 days for IgM and 2 days for IgA.
In naturally infected cows, an increase in the anti-
body titres has been observed in the second half of the
gestational period, which may be strongly related to the
recrudescence of infection with consequent endogenous
TPI (Paré et al., 1997; Stenlund et al., 1999; Guy et al., 2001;
Nogareda et al., 2007). This increase in speciﬁc antibodies
in naturally infected cows was mainly related to greater
values for the subclass IgG2 (Guy et al., 2001; Andrianarivo
et al., 2005). Predominant patterns of the subclass IgG1,
as well as mixed patterns of IgG1–IgG2, have also been
observed in cows that were experimentally and naturally
infected (Andrianarivo et al., 2001; Moore et al., 2005). In
experimentally infected goats, increases in the IgG titres
occurred during gestation, with evidence of the occur-
rence of TPI (Lindsay et al., 1995). However, no studies
have reported the humoral response during the gestation
of goats naturally infected by N. caninum, mainly in rela-
tion to the subclasses of IgG, which can indicate the type
of polarisation of the immune response. In order to estab-
lish potential alterations in the humoral immune response
and their relation to the occurrence of endogenous TPI and
reproductive disorders, the objective of this study was to
evaluate the kinetics of IgG anti-N. caninum in goats and
conceptuses naturally infected by N. caninum, and report
some ﬁndings about the subclasses of IgG1 and IgG2 in
pregnant goats.
2. Materials and methods
2.1. Goats
In this study, 15 multiparous Saanen, Pardo-Alpina and
mixed breed goats were studied. Thirteen animals were
naturally infected by N. caninum, identiﬁed by the pres-
ence of speciﬁc antibodies using the indirect ﬂuorescent
antibody test (IFAT). All goats selected for this study were
seronegative by IFAT to Toxoplasma gondii. Two other goats
were also seronegative by IFAT to N. caninum and T. gondii,
and were used as negative controls. The goats were kept in
pens to avoid potential exposure to sporulated N. caninum
oocysts from the environment or other sources of infec-
tion. This study was approved by the Ethics Committee of
Animals Use (CEUA) from Universidade Federal de Lavras
(UFLA) under the protocol number 013/2011.
2.2. Diagnosis of pregnancy and collection of blood
samples
Thirtydays aftermating, the gestationwasdiagnosedby
transrectal ultrasound, which was used on a monthly basis
to verify the foetal viability. Blood samples were collected
from each goat on the day of mating (day 0), on days 30,
60, 90 and 120 of pregnancy, on the day of parturition or
abortionand threemonths after parturitionor abortion. For
goats kids that were born healthy, the samples were col-
lected on the day of birth, before the ingestion of colostrumitology 196 (2013) 327–333
(day 0), on day 2 (48h after birth), and 30, 60, 90, 120, 150
and 180 days after birth. The blood, which was obtained
from the jugular vein in Vacutainer® tubes without antico-
agulant, was centrifuged at 1090× g for 10min. The serum
obtained was frozen and maintained at −20 ◦C until the
serological tests were carried out.
2.3. Indirect ﬂuorescent antibody test (IFAT) in goats and
kids
The IFAT was used to detect IgG anti-N. caninum anti-
bodies, according to the technique described by Paré
et al. (1995). An initial dilution of 1:50 was used as
the cut-off point (Lindsay et al., 1995) and two-fold
dilutions were carried out based on this. Samples for
which there was complete peripheral ﬂuorescence of
the tachyzoites were considered positive. Positive and
negative controls were added to each slide. Tachyzoites
of isolate NC-1 were used on the slides as antigens.
The caprine ﬂuorescein-conjugated anti-IgG antibody
(Sigma–Aldrich®) was diluted 1:200 in PBS. Even in goats
that were negative in the ﬁrst sampling, the IFAT was used
to detect IgG anti-Toxoplasma gondii antibodies in pregnant
goats, using a similar method to that described for N. can-
inum, with an initial dilution of 1:64 as the cut-off value
(Figliuolo et al., 2004).
2.4. Detection of the speciﬁc IgG subclasses against N.
caninum (IgG1 and IgG2) in pregnant seropositive goats
Thesubclassesanti-N. caninum IgG1and IgG2wereeval-
uated during the pregnancy of 13 seropositive goats. The
levels of antibodies were measured applying the enzyme-
linked immunosorbent assay (ELISA), using a commercial
kit (Chekit N. caninum Antibody ELISA, Idexx®) according
to the manufacturer’s instructions, with small modiﬁca-
tions. The HRP-conjugated sheep anti-bovine IgG1 and
HRP-conjugated sheepanti-bovine IgG2 (Bethyl®) antibod-
ies were used as detection antibodies at dilutions of 1:100
and 1:50, in PBS, respectively (Marinaro et al., 2009). These
antibodies may cross-react with the subclasses of goat IgG
(Marinaro et al., 2009). Positive and negative controls, pre-
viously tested by IFAT, were used. The plates were read at
A450nm. In order to support the results, the Relative Index
(RI) was calculated for the IgG1 and IgG2 values. IgG1 and
IgG2 values were obtained for each blood collection from
the pregnant goats, along with the IgG2/IgG1 ratio of the
individual RI values.
2.5. Diagnosis of abortion and stillbirths
For the four aborted and two stillborn foetuses orig-
inating from two seropositive goats, lesions compatible
with neosporosis were evaluated. The presence of N. can-
inumwas established by immunohistochemistry (IHC), and
PCR as described by Varaschin et al. (2012). The DNA was
extracted from 40mg of tissue that was collected and
stored at −20 ◦C until analysis; this was from the central
nervous system and cardiacmuscle of all foetuses and still-
births. DNA extraction was performed with a commercial
kit (WizardSVGenomicDNAPuriﬁcationSystem, Promega,
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pregnancyperiod and in the threemonths after parturition.
All pregnant goats were seronegative for T. gondii during
the whole gestation period.L.P. Mesquita et al. / Veterina
adison, USA) using lysis with proteinase K, according to
he manufacturer’s recommendations. For the detection of
. caninum and T. gondii, the region of rDNA ITS-1 was used
s a target for ampliﬁcation as described by Varaschin et al.
2012). For this, the primers Lav-1 (Forward) 5′-CGG AAG
AT CAT TCA CAC G-3′ and Tim 11 (Reverse) 5′-CCC ACT
AA ACA GAC GTA CC-3′ were used (Payne and Ellis, 1996;
antos et al., 2011), which amplify an expected fragment
f 588bp, located between positions 4 and 598 within the
DNA of N. caninum and T. gondii. PCR products were sub-
itted to electrophoresis in 1% agarose gels at 100V for 1h.
o make the distinction between N. caninum and T. gondii,
he amplicons of the positive samples and the positive con-
rol were quantiﬁed by spectrophotometry and submitted
o genetic sequencing using the dideoxy technique (Sanger
t al., 1977).
.6. Statistical analyses
.6.1. Univariate analyses
The association between the increase in IgG values anti-
. caninum of goats in the second half of the gestation and
he occurrence of endogenous TPI determined by seroposi-
ivity of precolostral goat kids was tested by Fischer’s exact
est. The Odds Ratio (OR) was also calculated. Fischer’s
xact test was also applied to evaluate the association
etween the IgG values for anti-N. caninum in adult goats
t the moment of copulation and parturition (up to 1:400
nd over 1:400) and the occurrence of endogenous TPI. The
pearman Correlation between the titres for IgG anti-N.
aninum in the goat kids and the days of life were tested.
.6.2. General linear models (GLM) repeated measures
The presuppositions required for the use of GLM anal-
ses were considered (Pestana and Gageiro, 2008). Only
he IgG1 and IgG2 models showed normality of errors, thus
llowing the application of GLM.
In the case of goats which did not abort, the effects of
he day of gestation (0, 30, 60, 90, 120 and parturition) and
ndogenous TPI deﬁned by the serostatus of precolostral
oat kids (positive or negative), in the titres of IgG1 and
gG2 antibodies were analysed by GLM repeated measures
nalyses of variance. All of the statistical analyseswere car-
ied out using the statistical software package PASW® 18.0,
onsidering a minimum conﬁdence level of 95%.
. Results
.1. Diagnosis of neosporosis in aborted and stillborn
oetuses
From the 13 seropositive goats, 15.38% (2/13) had
eproductive disorders related to neosporosis, that is, one
borted four foetuses and another had two stillborn kids.
he other goats, including the seronegative ones, gave birth
o healthy kids. The abortion occurred on gestation day 87
nd the stillborn kids were expelled on day 148. In two
borted foetuses and in the two stillborn kids, histopatho-
ogical lesions compatible with infection by N. caninum
ere observed. The presence of this protozoan in the tis-
ues of the two stillborn kids (Fig. 1) and in one of theFig. 1. Brain of a stillborn kid, rostral colliculus, with a protozoan cyst
with a thick wall, containing numerous bradyzoites. H&E. Barr: 20m.
aborted foetuses (Fig. 2) that showed histopathological
lesions was conﬁrmed by IHC. In PCR and genetic sequenc-
ing, N. caninum DNA was detected in samples of the central
nervous system from the two stillbirths. Of the four aborted
foetuses, N. caninum DNA was detected in cardiac muscle
and in the central nervous systemof two foetuses (onewith
histopathological lesions) and in the cardiac muscle from
the other foetus with histopathological lesions compatible
with infectionbyN. caninum. Among all of the samples ana-
lysed by PCR and genetic sequencing, none were positive
for T. gondii DNA.
3.2. Analyses of IgG anti-N. caninum and anti-T. gondii
in adult goats by IFAT
The two goats which were seronegative according to
IFAT (used as the control group) remained negative in all
of the IgG anti-N. caninum analyses carried out during theFig. 2. Heart of an aborted foetus with a group of tachyzoites immuno-
labelled for N. caninum. Avidin-biotin-peroxidase method. Vector Red® .
Barr: 20m.
330 L.P. Mesquita et al. / Veterinary Parasitology 196 (2013) 327–333
Table 1
Titres of IgG-anti N. caninum in pregnant goats, determined by IFAT, from 0 up to the third month after parturition/abortion.
Goat Breed Age (years) Pregnancy (days) Afterparturition/abortion (month)
0 30 60 90 120 Parturition 1st 2nd 3rd
1 Saanen 9 400 400 400 400 800 800 800 800 800
2 Saanen 5 400 400 400 1600 3200 1600 400 200 200
3 Mixed breed 4 400 400 400 400 800 1600 200 100 50
4 Pardo-Alpina 6 3200 3200 3200 6400 6400 3200 800 800 400
5a Mixed breed 5 200 100 100 50 50 50 <50 <50 <50
6 Mixed breed 5 6400 6400 6400 25,600 3200 3200 800 800 800
7b Mixed breed 6 800 3200 1600 6400 1600 400 400
8 Saanen 7 400 400 400 400 3200 1600 3200 1600 400
9c Pardo-Alpina 5 100 400 200 200 800 3200 800 400 400
10a Pardo-Alpina 5 100 100 100 100 100 400 800 400 200
11a Pardo-Alpina 6 50 100 100 100 50 200 50 50 <50
12 Pardo-Alpina 4 400 400 800 800 800 1600 800 800 400
13 Saanen 10 400 400 800 1600 800 1600 3200 3200 3200
for daya Goats which had seronegative precolostral goat kids.
b Goat which aborted (approx. day 90), in this case there are no values
c Goat which had stillborn kids.
Fromthe total of 12goatswhichdidnot abort, 10 (83.3%)
showed a signiﬁcant increase in the IgG anti-N. caninum
values in the second half of the pregnancy. This increase
was determined by comparing the average concentration
of IgGanti-N. caninum antibodiesduring theﬁrst (days0, 30
and 60) and second (days 90, 120 and parturition) halves of
the pregnancy. Goats were classiﬁed as having an increase
in the levels of antibodies when the average concentration
in the second half of the gestation period was 1.5 times
higher than in the ﬁrst half. Since there are no similar data
available for goats, this criterion was based on studies in
cows, where there were increases by a factor of 1.5–2.5
(Stenlundet al., 1999) and52% (López-Gatius et al., 2007) in
the levels of antibodies in the second half of the pregnancy,
as also described by Nogareda et al. (2007). The goat that
had two stillborn kids was included in the group of goats
which did not abort, and all data were collected from day
0 up to the moment of parturition. The goat which aborted
had peaks on day 30 and on the day of abortion (Table 1).
3.3. IgG1 and IgG2 anti-N. caninum analyses during the
gestation of seropositive goats
In the goats which did not abort, the day of gestation,
evaluated by GLM repeated measures analyses of variance,
inﬂuenced the IgG1 values (p=0.015; g.l. = 2.07; F=5.6).
Between day 120 and the day of parturition therewas a sig-
niﬁcant decrease (p<0.01) in the IgG1 values in the goats
which transmitted congenitally and a signiﬁcant increase
(p<0.01) for goats that did not transmit congenitally. The
factor TPI did not inﬂuence the IgG1 values during the ges-
tation period. For the goats which did not abort, the day
of gestation and the factor TPI, evaluated by GLM repeated
measures analyses of variance, did not have any effect on
the IgG2 values during the gestation period (p>0.05). Goat
10 had a discrepant value with an RI of 222.5%.With regard to the IgG2/IgG1 ratio, eight goats had val-
ues higher than 1 (pattern of IgG2) during the gestation
period. This group includes the goat which aborted (Goat
7) and that which had stillborn kids (Goat 9). Four animals120 and parturition.
had mixed patterns, and only Goat 5 had IgG2/IgG1 values
below 1 for the entire gestation period (pattern of IgG1).
3.4. Endogenous transplacental infection and its
association with the titres of maternal IgG anti-N.
caninum
From 11 seropositive goats which produced healthy
kids, eight (73%)gavebirth to seropositiveprecolostral con-
ceptuses for IgG anti-N. caninum (Table 2). Considering that
there was TPI in the cases of abortion and stillbirth, 77%
(10/13) of the goats had congenitally infected kids.
According to Fischer’s exact test, there was an associ-
ation between the increased titres of IgG anti-N. caninum
during the second half of the gestation period in the goats
whichdidnot abort,with the occurrence of endogenous TPI
(p=0.045; OR=10.0; IC95% [1.558–64.198]). These results
indicate that goats which had an increase in IgG during
the second half of the gestation period were 10 times
more likely to infect their foetus with N. caninum through
the placenta. The same analyses identiﬁed an association
between the titre of IgG on the days of mating and partu-
rition (up to 1:400 and over 1:400) with the occurrence of
endogenous TPI (p=0.045, OR=0.4; IC95% [0.137–1.170];
p=0.018, OR=0.25; IC95% [0.46–1.365]). However, it was
not possible to determine the risk since the conﬁdence
interval of the OR was 1.0.
3.5. IgG anti-N. caninum analyses by IFAT, in goat kids
Goats 2, 3, 4, 5 and 10 each conceived two kids, while
Goats 1, 6, 8, 11, 12 and 13 gave birth to one concep-
tus. The two conceptuses of Goat 5 remained seronegative
in all of the blood collections performed (Table 2). Goat
11 delivered one kid which did not show seropositivity
on day 0; however, seropositivity was detected on day 2
after receiving colostrum (1:50). Six conceptuses showed
seropositivity for all of the blood collections carried out.
Goat’s kids 4B, 6 and 8 became seronegative on day 120
and remained negative until day 180. Although Goat’s
kids 3A and 12 became seronegative on days 90 and 120,
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Table 2
Titres of IgG anti-N. caninum in conceptuses, evaluated by IFAT, from birth up to an age of 6 months.
Goat Goat kid Titres of IgG anti-N. caninum
Day 0 Day 2 Day 30 Day 60 Day 90 Day 120 Day 150 Day 180
1 1 400 3200 1600 800 50 50 50 100
2 2A 400 1600 400 50 50 50 50 100
2B 800 1600 800 200 200 100 200 200
3 3A 400 1600 400 50 <50 <50 <50 100
3B 200 1600 400 200 50 50 200 200
4 4A 1600 1600 1600 400 100 50 50 50
4B 1600 1600 800 100 50 <50 <50 <50
5 5A <50 <50 <50 <50 <50 <50 <50 <50
5B <50 <50 <50 <50 <50 <50 <50 <50
6 6 400 3200 400 200 50 <50 <50 <50
8 8 1600 1600 1600 400 100 <50 <50 <50
10 10A <50 200 800 800 n/c n/c n/c n/c
10B <50 400 400 100 n/c n/c n/c n/c
11 11 <50 50 <50 <50 <50 <50 <50 <50
12 12 800 1600 400 50 50 <50 <50 50
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/c – not collected.
espectively, they once again had titres of IgG anti-N. can-
num on day 180. Goat’s kids 10A and 10B were born
eronegative; however, they acquired titres of IgG anti-N.
aninum 48h (day 2) after receiving colostrum. The two
eronegative goats gave birth to kids that were seroneg-
tive precolostrally and remained negative up to the age
f six months. It was observed that goats with IFAT titres
nder 200 during gestation (excluding parturition sam-
les), vertical transmission was not detected (Goats 5, 10
nd 11).
The Spearman Correlation indicated a moderate nega-
ive correlation between the days of life of the goat kids and
he values for IgG anti-N. caninum (p=0.001; r=−0.507).
hus, over time there is a tendency for the serum levels of
gG anti-N. caninum in conceptuses to decrease.
. Discussion
This studywas carried out in order to verify the possible
hanges in anti-N. caninum antibodies during pregnancy in
oats, as well as the relationship between these changes
nd the occurrence of transplacental infection and repro-
uctive disorders. The peaks in the IgG values obtained in
he second half of the gestational period for seropositive
oats varied between 1:800 and 1:25,600 (Table 1). Similar
itres were observed in goats experimentally infected dur-
ng pregnancy,with values that varied between1:6400 and
:25,600 after 4 and 5 weeks of inoculation (Lindsay et al.,
995). A signiﬁcant increase in IgG anti-N. caninum titres in
he second half of the gestational period in relation to the
rstwas detected in 83.3% of the goatswhich did not abort,
ncluding the goat which had stillborn kids. Similarly, this
ncrease in the levels of antibodies in the second half of
he gestational period has also been reported in naturally
nfected cows (Paré et al., 1997; Stenlund et al., 1999; Guy
t al., 2001; Nogareda et al., 2007). Considering under the
onditions of this study it is unlikely that the goats had con-
act with external sources of infection, the increase in the
evels of IgG anti-N. caninumdetected in the pregnant goats
ould reﬂect the occurrence of recrudescence of infection.200 50 200 400
This has also been observed for chronically infected cows
during pregnancy (Paré et al., 1997; Stenlund et al., 1999;
Guy et al., 2001; Nogareda et al., 2007).
In goats, there is limited informationavailable regarding
congenital transmission. The seropositivity of the pre-
colostral goat kids and the presence of the parasite in the
aborted and stillborn foetuses indicate a clear association
between the seropositivity of the goats and the occurrence
of endogenous TPI. In ruminants, the syndesmochorial pla-
centa does not allow the passage of antibodies from the
mother to the foetus (Chucri et al., 2010). Thus, the anti-N.
caninum antibodies detected in the precolostral concep-
tuses were produced from an infection which occurred
during gestation, indicating the occurrence of TPI. In this
study, there was an association between the increase in
the IgG levels in the second half of the gestational period
and the occurrence of endogenous TPI in goat kids. The
goats which showed this increase in the IgG titres had a 10
times greater chance of producing infected conceptuses,
strongly suggesting the occurrence of endogenous TPI. In
cows, well deﬁned increases in maternal levels of anti-N.
caninum antibodies have been positively correlated with
congenital infection (Paré et al., 1997; Guy et al., 2001).
The rate of TPI veriﬁed through the titres of precolostral
goat kids, also considering the occurrence of this type of
transmission in cases of abortion and stillbirth, was 77%.
Similar congenital infection rates, for instance, 75% (Hall
et al., 2005) and 81% (Paré et al., 1996), have been observed
in cows. In caprines, an average rate of 31.8% of verti-
cal transmission through successive generations has been
observed (Altbuch et al., 2012). Congenital infection is gen-
erally accepted as the principal means of transmission
and maintenance of N. caninum in bovine herds (Hietala
and Thurmond, 1999). This route of infection may also be
important in the transmission and maintenance of N. can-
inum in caprines, since the rate of congenital transmission
observed in thegoats in this studywas relativelyhigh (77%).
Although Goat 10 produced kids (Goat kids 10A and
10B) which were seronegative precolostrally, an increase
in the antibody levels at the end of the gestational period
ry Paras332 L.P. Mesquita et al. / Veterina
(1:400) and in the ﬁrst month after parturition (1:800) was
detected (Table 1). It is probable that this increase in anti-
body levels at the end of the gestational period indicates
the recrudescence of infection. However, the late infection
of the foetusesmay be the result of insufﬁcient stimulus for
the detection of the antibodies at birth (Paré et al., 1996),
or the antibodies may be being produced although it is not
possible to detect them at the moment of birth. TPI was
also not detected in Goats 5 and 11, although, in contrast to
Goat 10, they maintained very low titres during the entire
gestational period (≤1:200), and did not show any signif-
icant changes in the IgG titres. Similarly, cows which had
calves that were seronegative for N. caninum did not show
signiﬁcant differences in the humoral response (Guy et al.,
2001).
The IFAT is considered the gold standard for the serolog-
ical diagnosis of N. caninum infection (Björkman andUggla,
1999), adopting a 1:50 dilution as the cut-off (Lindsay et al.,
1995; Figliuolo et al., 2004). In this study, vertical trans-
mission was not detected in goats with IFAT titres under
200 during gestation (excluding the parturition sample).
This result should be further investigated, because it could
indicate a practical value to predict vertical transmission
in goats (Tables 1 and 2).
Speciﬁc antibodies against N. caninum persisted in 8 of
the 11 goat kids that were congenitally infected up to six
months of age (Table 2). According to the Spearman Corre-
lation, there was a negative correlation between the days
and the IgG titres, that is, with each day of life, the level
of antibodies tended to decrease. This ﬁnding is similar to
that for goat kids that were born in a second gestation of
goats experimentally infected in the ﬁrst gestation, which
presented titres of between 1:200 and 1:1600 on the ﬁrst
day of life and between 1:100 and 1:800 after 28 days of
life (Lindsay et al., 1995).
In the goat kids from this study, the prenatally synthe-
sised antibodies by the foetus, detected in the precolostral
serum, reﬂect the endogenous transplacental infection
to N. caninum. Then, the antibody levels increased after
colostrum ingestion (day 2) and started to decrease after
the third and fourth sample (day 30 and day 60). In new-
born goats, the intestine is able to absorb immunoglobulins
from the mother’s milk only during the ﬁrst 24–36h after
birth (Whitelaw and Jordt, 1985). Therefore, the titres from
day 2 until day 30 were probably inﬂuenced by resid-
ual passive immunity, which resulted in the detection of
higher antibody levels. According to Pearson and Brandon
(1976), the half-life of passively acquired immunoglobu-
lins in small ruminants is 25 days for IgG. In goats, similar
results were found in a study with speciﬁc antibodies
against T. gondii, where the colostral immunity repre-
sented by acquired antibodies persisted until day 27–41
(Misurová et al., 2009). Then, the passive humoral immu-
nity acquired through the maternal colostrum decreases
due to the metabolic processing of maternal proteins by
the offspring (Pisarska et al., 2002),
Some goat kids were seronegative at certain times
(Table 2) and then returned to showing titres at six months
of age. Thisﬁnding canbeattributed to thenon-detectionof
theparasiteby the immunesystem(Hietala andThurmond,
1999).itology 196 (2013) 327–333
In bovines, the type Th1 immune response, which is
associated with the secretion of IFN-, induces the pro-
duction of the subclass IgG2 (Estes et al., 1994), while the
Th2 cells, which secrete IL-4, induce the production of IgG1
(Estes et al., 1995). Although there seems to be some reg-
ulation of the Th1 response during pregnancy (Innes et al.,
2001), eight goats showed a predominance of IgG2 during
the gestational period. Only two (Goats 7 and 9) of the eight
goats which showed a predominance of IgG2 during preg-
nancy, had losses related to the neosporosis. Of the eight
goats which had a predominance of IgG2, only one did not
showtheoccurrenceofTPI. For thegoatswhich transmitted
congenitally, there was a signiﬁcant decrease in the IgG1
values observed on the day of parturition; in contrast, in
the case of the goats which did not transmit congenitally,
there was a peak in IgG1 on the day of parturition, which
can be explained by the discrepant value reported for Goat
10 (RI 222.57%), and which is probably related to the later
recrudescence of infection.
The results obtained in this study indicate that, in
goats naturally infected with N. caninum, the endogenous
transplacental infection of the foetus was associated with
an increase in the maternal IgG antibodies titres during the
second half of gestation. These goats had a 10 times greater
chance of delivering congenitally infected conceptuses.
During the pregnancy of seropositive goats, a predomi-
nance of IgG2 antibodies was observed, although mixed
patterns and IgG1 patterns were also noted. The relatively
high transmission rate (77%) suggests that TPI plays an
important role in caprine neosporosis,making conceptuses
clinically healthy, but infected and potential transmitters
of the parasite to future generations. The occurrence of
reproductive disorders related to neosporosis in seroposi-
tive goats suggests that N. caninum is a potential causative
agent of abortions and stillbirths in caprines.
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